Background: This study is a clinical characterization of keloid scars in an African population comprising three rural tribes with familial keloids. Site distribution, morphologic features, and other characteristics of the scars were studied to assess whether each tribe had a specific scar phenotype. Methods: Keloid scar clinics were set up at Soba Hospital in Khartoum, Sudan, for patient recruitment and management. In addition, familial keloid cases were recruited from rural tribal populations during field trips. A database including clinical and demographic data and digital photographs of all keloid cases was established. Statistical analysis was conducted using SPSS and SAS software. Results: One hundred eleven individuals with keloid scarring (67 male subjects and 44 female subjects) were recruited. Patients were predominantly from three multigenerational pedigrees (total of 38 nuclear families) afflicted with keloid scars residing in different rural regions of Sudan. Two distinct morphologic phenotypes of keloid scarring were observed. The first phenotype has been designated "superficial spreading" (horizontal) keloid and the second has been designated "raised" (vertical) keloid. Clinically significant features and statistically measurable morphologic parameters were compared among these phenotypes (p ϭ 0.001). Furthermore, linear claw-like extensions of keloid (transgression) were noted to be significantly higher in the superficial spreading keloid phenotype (p ϭ 0.03). Conclusions: There is strong evidence of different phenotypes of keloid scarring. Two distinct phenotypes have been observed, described, and statistically verified. Each tribe demonstrated one particular phenotype, with two being superficial spreading and one being raised. Other significant clinical characteristics have been described. This is of significance in understanding both the clinical basis and the genetic basis of keloid scarring. (Plast.
O ur contemporary understanding of keloid scarring is based on the early definitions focusing on the distinction of keloids from hypertrophic scarring. Trusler and Bauer 1 drew the following distinction:
The hypertrophic scar remains confined to the area of skin incision or injury; the keloid tends to invade surrounding skin. Hypertrophic scar continues to grow for several weeks or months, then becomes inactive and tends to regress; the keloid, however, continues its growth into bizarre conglomerate forms which do not regress.
Conway et al. and Blackburn and Cosman aimed to make the distinction objectively by tissue culture and by histopathology, respectively, although neither technique is clear-cut. 2, 3 The classic feature of a keloid scar that was originally described by Alibert 4 and has been reiterated ever since by others (such as Peacock and Van Winkle) is that keloid scar tissue progressively invades surrounding normal skin. Hypertrophic scarring regardless of size is confined to tissue damaged by the original injury and increases in bulk by pushing out its margins as opposed to invasion. 5 This differentiation has never really been challenged, yet in clinical practice it is often ignored, and scars are erroneously described as "keloids" based on the grounds of their bulk and the intensity of the hypertrophic reaction rather than on any actual evidence of invasion. 6 The contemporary definitions of keloid scarring agree that they are collagenous lesions of the dermis that develop during a prolonged wound healing process in genetically predisposed individuals, and that keloid scars, unlike hypertrophic scars, extend beyond the margins of the original wound and fail to regress to any significant extent, even after a prolonged period. 7 Traditionally, in the clinical setting, a 1-year period has been used as a diagnostic marker/designator for keloid dermal scarring. There is no evidence in the literature to support this 1-year period concept. Keloid scarring is still often confused with hypertrophic scarring (which in some clinical settings, such as burns, can be persistent for longer than 1 year). 8 Clinical diagnosis remains the standard means for an objective diagnosis of keloid scarring. The heritability and genetics of keloid scarring have been a focus of recent research and are verified by the reported prevalence of this disease in twins, multigenerational family pedigrees, racial predisposition, and clinical syndromes with which it is associated. 7,9 -14 
Susceptibility to Keloid Scarring in Different Anatomical Regions
The clinical features of keloid scars are variable, and even within the same patient different keloid scars on different sites can have a markedly different appearance. Crockett, in a study of more than 800 scars in Sudan, described different anatomical susceptibility patterns, with certain anatomical regions demonstrating a higher predilection to scarring. 15, 16 Bayat et al. reported on the significance of development of site-specific keloid scars in single versus multiple anatomical sites as seen in an African Caribbean population. 17 Crockett summarized the anatomical regions of keloid susceptibility in keloid cases he had identified in Sudan, Africa, as follows 15, 16 : 1. Areas of pronounced susceptibility.
The midline presternal skin. The beard area, especially in women. In men, scars of the beard area itself seldom become keloid, but there is a marked susceptibility of the marginal neck and side-whisker areas. The short-hair regions of the preauricular and postauricular skin, and the back of the neck. The skin of the back, down to the waist only.
2. Areas of less pronounced susceptibility. The deltoid area. The radial border of the forearm. The skin of the pubis and groins. 3. The ears: keloids of the ears, which are the commonest of all in Sudan, do not fit in with the pattern of constitutional susceptibility. They may occur in isolation, or scars of the ears may be unaffected in patients showing a general tendency to keloids.
The aim of this article is to describe the phenotypes of keloid scarring observed in individuals found in large multigenerational pedigrees afflicted with familial keloids in rural African populations and to determine whether any morphologic variants can be identified. Therefore, for the first time, we identified multiple, large, extended multigenerational pedigrees and attempted to observe the pattern of keloid scarring in different pedigrees. This method ascertained the presence of specific salient morphologic features and clinical characteristics of keloid scarring that appeared to have been inherited as distinct phenotypes.
SUBJECTS AND METHODS

Geographic Location and Description of Population
Sudan is the largest country on the African continent and the tenth largest in the world, with an area of 2.5 million km 2 ( Fig. 1) . The country's name derives from the Arabic Bilad-al-Sudan, literally meaning "land of the blacks." The population is 39.15 million (2009 official census). Sudan is a microcosm of Africa and has 597 tribes that speak over 400 different languages and dialects. 18 The ethnicities of these groups are diverse but, generally, northern Sudan (Nubia) is inhabited by Nubians and Arabs of Nubian descent. The Beja tribes, the Ingessana, and nomadic Arab tribes and Abyssinians inhabit eastern Sudan. Nuba tribesmen inhabit the Nuba mountain range in central Sudan. African Nilotic tribes consisting mainly of Dinka, Nuer, Shulluk, and Zande inhabit southern Sudan. Darfur, in western Sudan, is inhabited by the Fur, Masalit, and Zaghawa clans and by nomadic Arabic tribes and tribes originating from West Africa such as the Fallata and Hawsa. The list of tribes mentioned is meant not to be exhaustive or comprehensive but a narration of the main ethnic tribes in the different geographic areas.
Organization and Patient Recruitment
Dedicated keloid scar clinics were established at the Soba University Hospital in the capital, Khartoum, for patient recruitment and management. For Plastic and Reconstructive Surgery • February 2011 this specific study, familial keloid cases were recruited from rural tribal populations during field trips in various regions of Sudan. The recruitment of rural subjects was carried out in regions that ranged from central to eastern Sudan. The tribes encountered were of Hawsa (West African origin), Nubian, and Arabic origin. A large number of patients representing most of the diverse geographic/ethnic spectrum of Sudan were also recruited at the keloid scar clinics in Khartoum. The first author (H.B.) carried out a comprehensive clinical examination of all the recruited keloid cases and established a database that included clinical data, demographic data, and digital photographs of all keloids. A categorization system was set up based on a comprehensive measurement of these clinical and morphologic parameters. Two senior experienced plastic surgeons with a special interest in keloid scars (K.I.Y. and D.A.M.) conducted a blinded categorization of the keloid scars (using high-res- 
Clinical Characterization
The terms in general clinical use are not sufficient to describe keloid morphology, and a number of terms are introduced and defined below. The clinical and morphologic features characterized in the Sudan keloid database include the following:
1. General demographic data of subjects, including age, sex, occupation, familial versus sporadic keloids, and tribal scarification status. 2. Scar cause. 3. Scar site.
Scar multiplicity:
Local multiplicity: that is, when keloid scars lie within very close proximity to each other (i.e., Ͻ5 cm apart).
Regional multiplicity: that is, when more than one keloid scar lies in a single anatomical region (e.g., sternal, deltoid) but the scars are more than 5 cm apart. Extraregional multiplicity: that is, when there are concurrent solitary keloid scars in more than one anatomical region. 5. Scar size. 6. Scar morphology: the scar shape and morphologic features at its periphery and center and whether the scar is regular, irregular, raised, or flattened. 7. Pigmentation: the subject's skin tone, pigmentation levels detailing the pigmentation levels (i.e., hypopigmentation, hyperpigmentation, and mixed pigmentation) of the scar's surrounding skin, its periphery, and its center. 8. Mechanosensitivity: the axis and orientation of scars and whether they display linear spreading/clawing (multiple projections) influenced by mechanical forces near mobile joints. The term "transgression" is used in this article to describe this feature. 9. Central quiescence: a scar feature in which maturation and central resolution with flattening and loss of hyperpigmentation is observed. 10. Symptoms such as itching, pain, and psychological symptoms. 11. Clinical features, including inflammation, infection, and ulceration.
Statistical Analysis
An electronic database (Microsoft Access; Microsoft Corp., Redmond, Wash.) incorporating the salient morphologic and clinical features of the keloid scars was established. This facilitated the study of multiple keloid parameters simultaneously and allowed the comparison of data among the different pedigrees. Statistical analysis was conducted using the predictive analytics software suites SAS (SAS Institute, Inc., Cary, N.C.) and SPSS (SPSS, Inc., Chicago, Ill.). The Fisher's exact test and the Pearson chi-square test were used to quantify the statistical significance of the different clinical features seen in the different populations recruited.
RESULTS
Overview
The Results section commences with a revised definition of keloid scarring, the criteria of which were the basis for inclusion in this study. This is followed by a description of the keloid phenotype heterogeneity, regional susceptibility and multiplicity, keloid scar morphology, pigmentation characteristics, transgression, and mechanosensitivity and central quiescence. The results are displayed as a comparison of the keloids (familial) of the three tribal groups recruited, as each demonstrated specific morphologic features that appear to have been inherited in each of the tribes. Data from the Soba Hospital keloid scars clinic cohort (sporadic keloids) are also displayed, as the cases seen are of various regions and as such do not demonstrate clinical features or keloid phenotypes in common.
In this study, no effect on scar morphology was found to be attributable to sex, age, or scar size, as there were no discernable inferences to be made from the general demographic data of the subjects, the size of their scars, and symptoms, and as such, they are not reported on in this article. It has to be noted that, in the three studied pedigrees, the wound care practices were similar and were not thought to have influenced the morphology of the resulting scars.
Scarification or cicatrization is the act of intentionally creating skin scars. This practice is still prevalent in parts of Africa, 19 including Sudan. It is relevant in this project, as the recruited subjects may have undergone traditional skin scarification.
In the populations studied, the scarification marks are likely to have been created for two reasons: tribal markings or as medicinal cauterization. This practice of scarification subjected the majority of individuals to a uniform dermal injury that would most likely cause keloid scarring in those who were genetically predisposed but not in those individuals who were not. Those individuals who were subjected to scarification after puberty and did not develop keloid scars can be considPlastic and Reconstructive Surgery • February 2011 ered as true non-keloid formers. This use of traditional scarification as a phenotype delineator is unique to this report, as it presents us with a robust marker for the true keloid status of individuals.
Revised Keloid Scar Disease Definition and the Scar Inclusion Criteria
To maintain clinical consistency and specificity in this study, a definition of keloid disease is introduced, on which the inclusion criteria have been based. This avoids confusion in the diagnosis of keloid scars with other scar entities, allowing delineation of heterogeneity and assessment of scar severity.
Keloid dermal scarring disease is an aggressive form of pathologic dermal scarring the essential characteristics of which are (1) demonstrating "invasion" of surrounding tissues (not simple stretching or erythema into the surrounding area; the term invasion is used in a clinical context, although histologically "replacement" may be a more accurate description); and/or (2) prolonged persistence of excessive scar tissue without general evidence of maturation. Where the diagnosis is not clear, the following characteristics may be taken into account:
1. Display of a familial element. 2. Hyperpigmentation around the active margin of the lesion. 3. Mechanical sensitivity. 4. Recurrence after excision (but this is also demonstrated by hypertrophic scars).
The Sudan Keloid Database: A Description of the Cohort
One hundred thirteen individuals with keloid scarring were recruited. The Soba Hospital cohort (n ϭ 33) was recruited at the tertiary referral center in the south of Khartoum; the patients were from a mixed city population. The rural cohort patients were predominantly recruited, during field visits, from three multigenerational extended pedigrees resident in rural regions of Sudan. These three tribal kindreds were as follows ( Fig. 1 ):
Butri tribe: El-Gezira state, Blue Nile (n ϭ 40). Bonza tribe: El Gedarif state, eastern Sudan (n ϭ 44). Rawda tribe: White Nile state, central Sudan (n ϭ 29).
The Butri pedigree members reside in central Sudan, in El-Gezira province, on the western bank of the Blue Nile near its confluence with the White Fig. 2 . Bonza village; subjects were recruited from this remote mud hut village in eastern Sudan.
Volume 127, Number 2 • Keloid Scarring Phenotypes Nile. The tribe is of Moroccan origins, and their founding settlers arrived in this region approximately 400 years ago. They are predominantly farmers and mud-brick builders. The pedigree recorded is that of a family that spans four generations and has more than 300 members.
The (Fig. 2) . The tribe is of Hawsa origins from West Africa, and their founding settlers arrived in this region approximately seven generations ago. They speak Hawsa and retain their tribal customs, including scarification. They are mostly farmers and goat herders and have minimal access to modern amenities and services. Their access to medical facilities is very restricted, and the nearest hospital is a 12-hour walk followed by an hours-long car/truck ride away. The pedigree recorded is that of a family that spans five generations and had 200 members at the time of recruitment.
The El-Rawda pedigree members inhabit central/midwestern Sudan, in the White Nile province. This kindred reside mostly in two villages: Rawdat El Mokhtar in the White Nile province and in El Managil village in the adjacent Gezira province. The tribe is thought to be of Nubian/Arab descent. They are mostly farmers and have limited access to medical services. The pedigree recorded is that of a family that spans six generations and has more than 600 members. 
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There is a high degree of consanguinity seen in all the pedigrees, as marrying cousins is customary. These three pedigrees are from different regions of Sudan, and there is no history of migratory patterns among these three regions or tribes and no evidence of interbreeding. Further unpublished data from whole genome scans conducted by the authors on members from these Fig. 5 . Raised (vertical) keloid. In this phenotype, the lesion tends to be markedly prominent and bulbous, usually with distinct borders and a definable shape. Fig. 6 . Mechanosensitivity. The orientation of these sternal keloids appears to be influenced by the mechanical movements of the chest. The keloids seem to be pulled or stretched horizontally in line with the axis of underlying pectoralis major muscle movement.
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Keloid Phenotype Heterogeneity
Multiple morphologic variants of keloids were observed in the Sudan cohort. The Soba Hospital confirmed the keloid scar and clinical heterogeneity as expected in a mixed city population (Khartoum), but even then, 85 percent of the cases seen were familial. In the three tribes, two distinct phenotypes were seen, as follows.
Superficial Spreading "Horizontal" Keloids This phenotype demonstrates irregular superficial subepidermal spread with irregular areas of hyperpigmentation and hypopigmentation, and the scars are not raised except slightly at their margins (Fig. 3) . A characteristic of these keloids is central quiescence (areas in their center where the scar appears to be flattening or maturing). There are sometimes differences in pigmentation between the regular or hypopigmented central areas and the hyperpigmented peripheral areas (Fig. 4) .
Raised "Vertical" Keloids
In this phenotype, the lesion tends to be markedly prominent (vertical) and bulbous, usually with distinct borders and a definable shape (Fig. 5) . More limited areas of central quiescence may also be seen. Mechanosensitivity Another morphologic feature observed was mechanosensitivity. The exact anatomical location of certain keloids appears to make them influenced by the mechanical movements of adjacent body parts. The keloids seem to be "pulled" or "stretched" horizontally in line with either the direction of dominant skin tension or the axis of underlying muscle/axis movement (Fig. 6 ).
Clinical Results
From the 111 individuals recruited in this cohort, a total of 223 keloid scars were examined. One hundred thirteen of them were from the rural cohort of the three pedigrees (Butri, Bonza, and El-Rawda) and 110 were from the urban cohort of the Soba Hospital in Khartoum. The statistical analysis compares the different clinical and morphologic features seen in the three pedigrees. The Soba cohort, although not included in the analysis (to prevent bias caused by the hospital sample), is demonstrated in the charts to give a visual representation of the urban cohort as compared with the rural cohort. 
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Keloid Scar Morphology
The proportion of the superficial spreading horizontal form of keloids was markedly higher (p ϭ 0.001, Fisher's exact test) in the Butri tribe ( Fig. 7 and Table 1 ) (60 percent) as compared with the Bonza (21 percent) and El-Rawda (28 percent) tribes. The raised vertical variant was seen in 52 percent of the Bonza cohort, 41 percent of the El-Rawda cohort, and 15 percent of the Butri cohort.
Keloid Scar Transgression and Mechanosensitivity
The mechanosensitivity and transgression (clawing) of the scars were recorded (Fig. 8 and Table 2 ). The different trends observed within the Sudan cohort were as follows:
1. Peripheral transgression (claw-like linear invasion of surrounding skin).
No transgression (no clawing). 3. Central anchoring (omphalotype; demonstrating a central fixed pit or depression). 4. Central anchoring and peripheral transgression.
The Butri tribe demonstrated a statistically significantly higher proportion (48 percent) of scars with central anchoring and peripheral transgression as compared with the Bonza (27 percent) and El-Rawda (28 percent) tribes (p ϭ 0.03, Fisher's exact test).
Anatomical Regional Susceptibility and Multiplicity
Overall, the anatomical regions most susceptible to keloid scarring (Figs. 9 and 10 and Table  3 ) in this cohort of keloid cases are the sternalanterior chest regions, followed by the deltoid and upper limb regions. The difference among the three tribes is that the El-Rawda demonstrates a much higher proportion of lesions on the sternal region (52 percent). Members of the Butri tribe show a relatively higher proportion (18 percent) of abdominal keloids as opposed to the other tribes.
The keloids examined in this cohort demonstrated varying types of keloid multiplicity ( Fig. 11 and Table 4 ). Both the Butri and El-Rawda tribes demonstrated a higher proportion of local multiplicity, whereas the Bonza tribe had a higher proportion of extraregional multiplicity. Volume 127, Number 2 • Keloid Scarring Phenotypes
Keloid Scar Pigmentation
Four different pigmentation variants were recorded ( Fig. 12 and Table 5 ) in the Sudan keloid cohort and documented:
1. Normal pigmentation (same pigmentation as uninvolved skin). 2. Hypopigmentation (lighter pigmentation compared with uninvolved skin).
3. Hyperpigmentation (darker pigmentation compared with uninvolved skin). 4. Mixed pigmentation.
These were recorded at the surrounding skin, periphery/margin of the scar, and the center of the scar. There appeared to be no statistically significant difference in the periphery margin pigmentation among the three tribes (p ϭ 0.066, Fisher's exact test). In the El-Rawda pedigree, there is a higher incidence of keloids on the sternal region as compared with the other kindred. In the Bonza tribe, there is a markedly higher incidence of deltoid keloids, whereas the Butri kindred have a higher incidence of abdominal keloids (p ϭ 0.240, chisquare test).
Fig. 9.
A representation of the site-specific susceptibility of keloid scarring in the Sudan Keloid Database, with the maximum susceptibility evident in the sternal region followed by the upper limbs, head, and the deltoid region.
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Keloid Scar Central Quiescence
The different behaviors of the centers of the keloid regions, whether they are active, dormant, mixed activity, or show maturity, resolution, or dormancy was assessed (Figs. 4 and 13 and Table  6 ). There was no significant difference seen among the cohorts (p ϭ 0.313, Fisher's exact test).
DISCUSSION
Keloid scarring is an elusive clinical entity, not only in its clinical management but also in our quest to understand its cause. This is partially attributable to the clinical heterogeneity of keloid scarring. In this report, a comprehensive clinical characterization based on the clinical attributes of keloid scarring as observed in extended multiplegeneration familial keloid pedigrees seen in an African population in rural Sudan are described. There have been previous studies conducted regarding keloids in Sudan. Crockett had attempted to categorize the keloid-forming tendency of different anatomical sites in a similar population in the Sudan. He summarized susceptibility and keloid forming tendency as follows 16 :
First order: in a susceptible individual, all scars are likely to show keloid change (presternal region; upper back). Second order: the detailed nature of the injury can influence the liability to keloid [beard area (women and children only), ear, deltoid and preaxial upper limb, anterior chest wall (excluding the midline), and scalp and forehead]. Third order: keloid change is exceptional and is almost never severe (lower back, abdomen, lower limb, postaxial upper limb, central face, and genitalia). This description of dermal keloids by Crockett featuring the "regional susceptibility" and the suggested "orders" lends itself to a suggestion of genetic site-specific susceptibility and varying levels of anatomical region involvement. Our analysis of the Sudan cohort data reveals that there are multiple morphologic and clinical variants of keloid scarring. However, there are significant trends and characteristics of keloids that are shared by individuals of the same familial lineage, in this case, the three tribes. The clinical features of the scars within each family/tribal unit were similar (e.g., each family demonstrated a predilection to form keloids at a specific region that differed from the other families). The characteristics of the keloid scars observed in each of these family/tribal units portrayed consistent trends.
Of these features, two distinct phenotypes have been observed, and because no previous morphologic descriptions seem adequate, they have been designated as superficial spreading horizontal and raised vertical keloids. A third common feature is transgression, which is linear invasion of the skin surrounding the keloid in a claw-like fashion.
These two phenotypes along with transgression are distinct and clear entities of keloid scars that were verified statistically to be uniform within familial groups. There are other clinical characteristics shared by some of the tribe members, but they did not constitute a statistically significant entity or phenotype. The numbers of cases recruited make the findings statistically significant. Ethical considerations and resource restrictions precluded histologic testing of these phenotypes to seek further distinctions. However, these histologic tests can be considered in future studies.
The notion of multiple specific phenotypes identified in familial keloid disease signifies the advent of important perspectives on both the clinical and research aspects of keloid scarring. Clinically, keloids can be categorized more specifically, and the morbidities of each of the phenotypes can be evaluated in addition to reaction and recurrence of each following different treatment modalities. This would be important in the correct diagnosis, prognosis, and overall refinement of a clinical management plan.
There have been multiple studies conducted on the heritability and genetics of keloid scarring. 7, [11] [12] [13] [14] 20 However, the results of these have been conflicting; the heritability has been reported to be autosomal Plastic and Reconstructive Surgery • February 2011 recessive by some authors, 14 whereas others have reported it to be autosomal dominant. 7, 13, 20 There are reports of genomic linkage analysis experiments conducted on extended multicase keloid families based on these inheritance modes, and the results have suggested potential genomic susceptibility loci responsible for the keloids. [21] [22] [23] Unfortunately, these loci have not to date been found to harbor any mutations on genes that may be responsible for keloid scarring. Furthermore, some of these linkage studies were replicated on different ethnic groups and the results were not reproducible. 21 These inconsistent trends of inheritance modes in different cohorts and the multiple susceptibility loci reported may explain the phenotypic heterogeneity. This phenotypic heterogeneity of keloid scarring may be attributable to different causative processes. Therefore, it is possible that if multiple phenotypes of keloid scarring, with potentially different genetic causative factors, are pooled together and studied, the results are likely to be skewed by the phenotype/ genotype heterogeneity.
This approach to comprehensively characterize keloid scarring is the first step in organizing our strategies in both clinical management and research of this condition. On the clinical front, further studies are required to assess the efficacy of current treatment modalities in each of the phenotypes described. As for research, this characterization and categorization may be instrumental in the understanding of the true heritability of this disease and, with the current advances in gene mapping technology, may allow the identification of the phenotype-genotype link. A molecular level understanding of this clinical condition is only attainable if we have a clear clinical understanding of its variant phenotypes. Possibly, this should allow the development of novel therapies.
CONCLUSIONS
By considering an analysis of different morphologic characteristics, there is strong evidence of different phenotypes of keloid scarring. Two distinct phenotypic patterns have been observed: superficial spreading horizontal keloids and raised vertical keloids. These phenotypes have been described and statistically verified in three rural populations in Sudan. Two tribes demonstrated the superficial spreading keloid variant and one tribe demonstrated the raised vertical variant. Other significant clinical characteristics of keloid scars have also been described. A Volume 127, Number 2 • Keloid Scarring Phenotypes
